Erythrina stricta, a deciduous tree widely used traditionally in indigenous system of medicine for various ailments such as rheumatism, fever, leprosy, epilepsy etc. The leaves of Erythrina stricta was extracted with ethanol (70%) and used for the evaluation of various in vitro antioxidant assays which includes H -donor activity, nitric oxide scavenging, superoxide anion scavenging, reducing ability, hydroxyl radical, hydrogen peroxide scavenging, total phenolic content, total flavonoid content, total antioxidant activity by thiocyanate and phosphomolybdenum method, metal chelating, β-carotene bleaching, total peroxy radical assays. The pro-oxidant activity was measured using bleomycin-dependent DNA damage. Ex vivo models like lipid peroxidation and erythrocyte haemolysis were also used to study the antioxidant property of the extract. The various antioxidant activities were compared with suitable standard antioxidants such as ascorbic acid, butylated hydroxyl toluene, α-tocopherol, curcumin, quercetin and Trolox. The generation of free radicals viz. O and peroxyl radicals were effectively scavenged by the ethanolic extract of Erythrina stricta. In all the methods, the extract offered strong antioxidant activity in a concentration dependent manner. The total phenolic content, flavonoid content and total antioxidant activity in Erythrina stricta were determined as microgram (g) pyrocatechol, quercetin and α-tocopherol equivalent/mg respectively. The extract did not exhibit any prooxidant activity when compared with ascorbic acid. The results obtained in the present study clearly indicates that Erythrina stricta scavenges free radicals and reduces lipid peroxidation, ameliorating the damage imposed by oxidative stress in different disease conditions and serve as a potential source of natural antioxidant.
INTRODUCTION
Free radicals have an unpaired electron in the outer orbit and are usually unstable and very reactive, causing oxidation of biomolecules such as protein, amino acids, lipid and DNA leading to cell injury and death (Freidovich, 1999; Gilbert, 2000; McCord, 2000) . Oxygen, a vital component found in the atmosphere is a stable triplet biradical ( 3 O 2 ), is required for the survival of the human being. The most important free radicals in the body are the derivatives of oxygen, which are known as reactive oxygen species. Oxygen is also required for the generation of reactive nitrogen species and reactive chlorine species (Nordberg and Arner, 2001) . It undergoes reduction and during these process small amounts of reactive intermediates like superoxide anion (O 2 · -), hydroxyl radical (OH · ), hydrogen peroxide (H 2 O 2 ) and singlet oxygen ( 1 O 2 · ) are formed (Sies, 1993) . Free radicals react with other compounds trying to capture the electrons needed to gain stability, but rendering the substrate radical nature. These highly reactive radicals can start a chain reaction initiating lipid peroxidation which results in destabilization and disintegration of the cell membranes resulting in the disruption of cells leading to ischemicreperfusion injury, diabetes, allergy etc. (Yamauchi et al., 1992; Mates et al., 1998; Vendemiale et al., 1999; Kaur and Kapoor, 2001) . Oxidative stress, which releases oxygen radicals in the body, which has been implicated in number of diseases such as cardiovascular malfunction, cancer, atherosclerosis, cataract, gastric ulcer, rheumatism and other autoimmune diseases like aging (Ames, 1983; Steinberg, 1991; Steinmetz and Potter, 1996; Das et al., 1997) . Search of naturally occurring antioxidant compounds from plant sources might serve as leads for the development of novel drugs, which may reduce the risk of chronic diseases, caused by free radicals (Kim et al., 2003) . Erythrina stricta Roxb. (Papilionaceae), a medium sized deciduous tree found in various parts of India, Thailand, Nepal, Vietnam and China, is used in the indigenous system of medicine for various ailments such as rheumatism, fever, leprosy, epilepsy etc. The plant contains alkaloids and non alkaloidal constituents (Nadkarni, 1954; Singh, 1981; Sivarajan, 1994) . Literature survey of Erythrina stricta revealed that no work has been reported on the antioxidant activities of this plant. Therefore, we investigated the antioxidant activities of the leaves using various in vitro and ex vivo models.
MATERIALS AND METHODS

Plant materials
The leaves of Erythrina stricta were collected from Nilgiris district, Tamil 
Preparation of extract
The dried leaves were pulverized into fine powder using a grinder and sieved through No. 22 mesh sieve and stored in an air tight container. About 750 ml of 70% ethanol was added to 75 g of powder and kept on a mechanical shaker for 72 h, the content was filtered and concentrated under reduced pressure, under controlled temperature of 40 ºC, to yield a dark gummy residue. The concentrated extract was stored dry at 4 ºC in amber coloured jars with Teflon lined caps. The percentage yield of the Erythrina stricta ethanolic extract (ESEE) was found to be 7.2% w/v.
Drugs and chemicals
2,2 Diphenyl-1-picryl hydrazyl hydrate (DPPH) was procured from Himedia, Mumbai, xanthine oxidase, quercetin, hypoxanthine, pyrocatechol were purchased from SRL, Mumbai, Folin Ciocalteu reagent from SD Fine Ltd, Mumbai, calf thymus DNA from Genei chemicals, Bangalore, ferrozine, (2'-2' azobis (2-amidinopropane) dihydrochloride) and Trolox obtained from Sigma Aldrich, USA, and 2,7-dichloro flurescein diacetate from Fluka, Germany. All other chemicals used in the study were of analytical grade procured from local suppliers.
Experimental animals
Wistar albino rats of either sex (150 -200 g) were used for the ex vivo study. They were housed in standard polypropylene cages and kept under controlled room temperature (24 ± 20 ºC, relative humidity 45 -55%) in a 12 h light-dark cycle. The rats were given a standard laboratory diet and water ad libitum. The study was conduted after ethical clearance from the institutional animal ethics committee bearing the reference number 817/04/ac/CPCSEA.
Phytochemical screening
Preliminary phytochemical screening of the powdered leaves was performed for the presence of alkaloids, phenolics, flavonoids, saponins, carotenoids, carbohydrates and glycosides (Khandelwal, 2004) .
In vitro antioxidant activity DPPH radical scavenging assay The hydrogen donating ability of ESEE was examined in the presence of DPPH stable radical (Mensor et al., 2001) . One millilitre of 0.3 mM DPPH ethanol solution was added to 2.5 ml of sample solution of different concentrations and allowed to react at room temperature. After 30 min the absorbance values were measured at 517 nm. Ethanol (1.0 ml) plus plant extract solution (2.5 ml) was used as a blank, DPPH solution (1.0 ml, 0.3 mM) plus ethanol (2.5 ml) served as negative control. The positive controls were those using the standard (Ascorbic acid) solutions.
Nitric oxide radical scavenging assay
Various concentrations of the ESEE and sodium nitroprusside (10 mM) in phosphate buffer saline (0.025 M, pH 7.4) in a final volume of 3 ml was incubated at 25 ºC for 150 min. Control experiments without the test compounds but with equivalent amount of buffer were prepared in the same manner as done for the test. There after, 0.5 ml of incubation solution was removed and diluted with 0.5 ml Griess' reagent (1% sulphanilamide, 2% OPhosphoric acid and 0.1% naphthyethylene diamine dihydrochloride) and allowed to react for 30 min.
The absorbance of the chromophore formed during diazotisation of nitrite with sulphanilamide and subsequent coupling with naphthyethylene diamine dihydrochloride was read at 546 nm. The percentage inhibition was calculated. The experiment was done in triplicate using curcumin (50 -800 μg/ml) as positive control (Sreejayan and Rao, 1997) .
Deoxyribose degradation assay
The decomposing effect of ESEE on hydroxyl radicals was determined by the assay of malondialdehyde chromogen formation due to 2-deoxy 2-ribose degradation (Halliwell et al., 1987) . The assay mixture contained in a final volume of 1 ml: 100 μl of 28 mM 2-deoxy 2-ribose dissolved in phosphate buffer, pH 7.4, 500 μl of the plant extract of various concentrations in buffer, 200 μl of 200 mM ferric chloride (1: 1 v/v) and 1.04 mM EDTA and 100 μl of 1.0 mM hydrogen peroxide and 100 μl of 1.0 μM ascorbic acid. After incubation of the test sample at 37 ºC for 1 h the extent of free radical damage imposed on the substrate deoxyribose was measured using thiobarbituric acid (TBA) test. Percentage inhibition of deoxyribose degradation was calculated. Quercetin was used as standard.
NBT reduction assay A reaction mixture with a final volume of 3 ml per tube was prepared with 1.4 ml of 50 mM KH 2 PO 4 -KOH, pH 7.4 containing 1 mM EDTA, 0.5 ml of 100 μm hypoxanthine, 0.5 ml of 100 μM NBT (Guzman et al., 2001) . The reaction was started by adding 0.066 units per tube of xanthine oxidase freshly diluted in 100 μl of phosphate buffer and 0.5 ml of test extract in saline. The xanthine oxidase was added last. The subsequent rate of NBT reduction was determined on the basis of spectrophotometric determinations of absorbance at 560 nm. Ascorbic acid was used as standard. The results are expressed as the percentage inhibition of NBT reduction rate with respect to the reaction mixture without test compound (saline only).
Reducing power ability
Reducing power ability was measured by mixing 1.0 ml extract of various concentration prepared with distilled water to 2.5 ml of phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium ferricyanide and incubated at 50 ºC for 30 min. After that 2.5 ml of trichloroacetic acid (10%) were added to the mixture and centrifuged for 10 min at 3,000 g, 2.5 ml from the upper part were diluted with 2.5 ml water and shaken with 0.5 ml fresh 0.1%, ferric chloride. The absorbance was measured at 700 nm using UV-spectrophotometer. The reference solution was prepared as above, but contained water instead of the samples. Increased absorbance of the reaction mixture indicates increased reducing power. All experiments were done in triplicate using butylated hydroxyltoluene (BHT) as positive control (Oyaizu, 1986) .
Estimation of total phenolic component
Total soluble phenolics of the extract was determined with Folin-Ciocalteu reagent using pyrocatechol as a standard following the method of Slinkard and Singleton (1977) . One millilitre (1.0 ml) of extract solution in a test tube was added to 0.2 ml of Folin Ciocalteu reagent (1: 2 in distilled water) and after 20 min, 2.0 ml of purified water and 1.0 ml of sodium carbonate (15%) was added. Allowed to react for 30 min and then absorbance was measured at 765 nm. The concentration of total phenolic component in the extract was determined as microgram of pyrocatechol equivalent.
Total flavonoid content
Total soluble flavonoid of the extract was determined with aluminium nitrate using quercetin as a standard (Hsu, 2006) . Plant extract (1000 μg) was added to 1ml of 80% ethanol. An aliquot of 0.5 ml was added to test tubes containing 0.1 ml of 10% aluminium nitrate, 0.1 ml of 1 M potassium acetate and 4.3 ml of 80% ethanol. The absorbance of the supernatant was measured at 415 nm after 40 min at room temperature. Total flavonoid concentration was calculated using quercetin as standard.
Phosphomolybdate method
The total antioxidant capacity of the extract was determined with phosphomolybdenum using α-tocopherol as the standard. An aliquot of 0.1 ml of ESEE (100 μg) solution was combined with 1.0 ml of reagent (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were capped and incubated in a boiling water bath at 95 ºC for 90 min. After the samples had cooled to room temperature, the absorbance of the aqueous solution of each was measured at 695 nm against blank in UV spectrophotometer.
The blank solution contained 1.0 ml of reagent solution and the appropriate volume of the same solvent used for the sample and it was incubated under same conditions as rest of the sample. The total antioxidant capacity was expressed as equivalents of α-tocopherol (Jayaprakasha et al., 2002) .
Bleomycin-dependent DNA damage
The reaction mixture contained 0.5 ml calf thymus DNA (10 μg/ml), 50 μg of 1.0 ml bleomycin sulfate, 1.0 ml of 5 mM magnesium chloride, 1.0 ml of 50 μM ferric chloride and 1.0 ml of different concentrations of ESEE. The mixture was incubated at 37 ºC for 1 h. The reaction was terminated by addition of 0.05 ml EDTA (0.1 M). The colour was developed by adding 0.5 ml TBA (1% w/v) and 0.5 ml hydrochloric acid (25% v/v) followed by heating at 37 ºC for 15 min. After centrifugation the extent of DNA damage was measured in a UVspectrophotometer at 532 nm employing ascorbic acid as positive control. Each determination was done in triplicate (Ng et al., 2003) .
Thiocyanate method
The peroxy radical was determined by thiocyanate method using α-tocopherol as standard (Gutierrez et al., 2006) . Increasing concentration of the samples (25 -400 μg/ml) in 0.5 ml of distilled water was mixed with 2.5 ml of linoleic acid emulsion (0.02 M, in 0.04 M pH 7.0 phosphate buffer) and 2 ml phosphate buffer (0.04 M, pH 7) in a test tube and incubated in darkness at 37 ºC. At intervals during incubation, the amount of peroxide formed was determined by reading absorbance of red color developed at 500 nm by the addition of 0.1 ml of 30% ammonium thiocyanate solution and 0.1 ml of 20 mM ferrous chloride in 3.5% hydrochloric acid to the reaction mixture.
Hydrogen peroxide scavenging activity Hydrogen peroxide solution (2 mM) was prepared with standard phosphate buffer (pH, 7.4). Extract samples (25 -400 μg/ml) in distilled water were added to hydrogen peroxide solution (0.6 ml). Absorbance of hydrogen peroxide at 230 nm was determined spectrophotometrically after 10 min against a blank solution containing phosphate buffer without hydrogen peroxide. The percentage scavenging of hydrogen peroxide of both plant extract and standard compound (α-tocopherol) was determined (Oktay et al., 2003) .
Metal chelating complex
The ferrous level was monitored by measuring the formation of the ferrous ion-ferrozine complex. The reaction mixture containing different concentrations of ESEE (1.0 ml) were added to 2 mM ferrous chloride (0.1 ml) and 5 mM ferrozine (0.2 ml) to initiate the reaction and the mixture was shaken vigorously and left to stand at room temperature for 10 min. The absorbance of the solution was measured at 562 nm. The positive control were those using ascorbic acid and all tests and analysis were run in triplicate. The percentage chelating effect of Ferrozine-Fe 2+ complex formation was calculated (Huang and Kuo, 2000) .
β-carotene linoleic acid assay A solution of β-carotene was prepared by dissolving 2 mg of β-carotene in 10 ml chloroform and 1.0 ml of this solution was then pipetted into a flask containing 20 mg of linoleic acid and 200 mg of Tween 40 emulsifier. Chloroform was completely evaporated using a vaccum evaporator. Aliquots of 5.0 ml of this emulsion were transferred into a series of tubes containing various concentration of ESEE (25 -400 μg/ml) or α-tocopherol for comparison. Optical density (OD) at 470 nm was taken for ESEE and standard immediately (t = 0) and at the end of 90 min (t = 90). The tubes were incubated at 50 ºC in a water bath during the test. Measurement of OD was continued until the colour of β-carotene disappeared in the control (Jayaprakasha et al., 2002) .
Total peroxy radical trapping potential (TRAP)
A water soluble azo initiator 2,2' azo bis (2-amidino propane) dihydrochloride (AAPH) produced the peroxyl radicals while a spectrophotometric analysis of 2,7-dichlorofluresecin-diacetate (DCF) monitored the scavenging activity of the plant extracts. A 350 μl of 1 mM stock of DCF in ethanol was mixed with 1.75 ml of 0.01 N sodium hydroxide and allowed to stand for 20 min before the addition of 17.9 ml of 25 mM sodium phosphate buffer (pH 7.2). The reaction mixture contained 0.5 ml of various concentration of ESEE in ethanol, 150 µl of activated DCF solution and 25 µl of AAPH (56 mM). The reaction was initiated with the addition of the AAPH. Absorbance was read at 490 nm. Trolox (6-hydroxy 2,5,7-8 tetra methyl chroman 2 carboxylic acid) was used as standard and all the determination was done in triplicate (McCune and John, 2002) .
Ex vivo studies Assay of lipid peroxidation method Lipid peroxidation induced by Fe 2+ -ascorbate system in rat liver homogenate was estimated by TBA reaction method (Ohkawa et al., 1979) . The reaction mixture consisted of rat liver homogenate 0.1 ml (25% w/v) in Tris-HCL buffer (20 mM, pH 7.0), potassium chloride (30 mM), ferrous ammonium sulphate (0.16 mM), ascorbate (0.06 mM), and various concentrations of the ESEE in a final volume of 0.5 ml.
The reaction mixture was incubated for 1 h at 37 ºC. After the incubation time, 0.4 ml was removed and treated with 0.2 ml sodium dodecyl sulphate (SDS) (8.1%), 1.5 ml TBA (0.8%), and 1.5 ml glacial acetic acid (20%, pH 3.5). The total volume was made upto 4 ml by distilled water and then kept in a water bath at 95 -100 ºC for 1 h. After cooling, 1.0 ml of distilled water and 0.5 ml of n-butanol and pyridine mixture (15: 1, v/v) were added to the reaction mixture, shaken vigorously and centrifuged at 4,000 g for 10 min. The organic layer was removed and its absorbance at 532 nm was measured. Inhibition of lipid peroxidation was determined by comparing the OD of the treatments with that of control. Ascorbic acid was used as standard.
Assay of erythrocyte hemolysis
The blood was obtained from human volunteers and collected in heparinized tubes. Erythrocytes were separated from plasma and the buffy coat was washed three times with 10 volumes of 0.15 M sodium chloride. During the last wash, the erythrocytes were centrifuged at 3,000 g for 10 min to obtain a constantly packed cell preparation. Erythrocyte hemolysis was mediated by peroxyl radicals in this assay system. A 0.2 ml of 10% suspension of erythrocytes in phosphate buffered saline pH 7.4 (PBS) was added to the similar volume of 200 mM 2, 2' azobis (2 amidinopropane) dihydrochloride (AAPH) solution (in PBS) containing samples to be tested at different concentrations. The reaction mixture was shaken gently while being incubated at 37 ºC for 2 h. The reaction mixture was then removed, diluted with eight volumes of the PBS and centrifuged at 2,000 g for 10 min. The absorbance of the supernatant was read at 540 nm (A). Similarly, the reaction mixture was treated with 8 volumes of distilled water to achieve complete hemolysis, and the absorbance (B) of the supernatant obtained after centrifugation was measured at 540 nm. The data were expressed as mean ± S.E.M. L-ascorbic acid was used as a positive control (Ng et al., 2000) .
Calculation of 50% inhibitory concentration (IC 50 )
The concentration (mg/ml) of the extract required to scavenge 50% of the radicals was calculated by using the percentage scavenging activities at five different concentrations of the extract. Percentage inhibition (I%) was calculated using the formula,
I% =
Where Ac is the absorbance of the control and As is the absorbance of the sample.
RESULTS
Phytochemical screening
Phytochemical screening of the plant extract revealed the presence of alkaloids, flavonoids and saponins.
Hydrogen donating assay
The radical scavenging activity of crude ESEE was determined from the reduction in the optical absorbance at 517 nm due to scavenging of stable DPPH free radical. Positive DPPH test suggests that the extract is a potential free radical scavenger. ESEE showed strong activity compared with the standard, ascorbic acid. Table 1 shows the IC 50 values of the sample and the standard.
NO assay
Incubation of solutions of sodium nitroprusside in phosphate buffered saline at 25 ºC for 150 min resulted in the generation of NO. The ESEE effectively reduced the generation of NO · . This showed marked NO · scavenging activity of the extract. The IC 50 was found to be 0.157 mg/ml for ESEE and for standard, curcumin, it was found to be 0.076 mg/ml (Table 1) .
Deoxyribose degradation
The scavenging effect of ESEE on hydroxyl (OH · ) was quantified by measuring the effect on the 2-deoxy-ribose degradation produced by reacting
with ascorbate, in the presence of EDTA. The IC 50 value of ESEE was 0.32 mg/ml and that of standard, quercetin was 0.112 mg/ml (Table 1) .
Superoxide radical scavenging activity ESEE suppressed the superoxide anion radicals generated from hypoxanthine/xanthine oxidase system. Inhibition of NBT reduction by superoxide in the presence of the test preparation increased with raise of their concentrations. All measurements were compared with control experiment. The results shows that ESEE had antioxidative activity similar to the positve control, BHT (Table 1) .
Reducing power
The reductive ability of the extract served as a significant indicator of its potential antioxidant activity. ESEE and standard (BHT) were used at dose range of 50 -800 μg/ml. The reducing power of ESEE increased concentration dependently. All concentrations of the extract offered higher activities than control (Table 2) .
Total phenolic, flavonoid contents and total antioxidant capacity The content of total phenolics in ESEE was determined using Folin-Ciocalteu assay, calculated from regression equation of calibration curve of pyrocatechol. Phenolic content of ESEE was found to be 110 g pyrocatechol equivalent/mg. The total flavonoid content of ESEE was found to be 528 g quercetin equivalent/mg. The total antioxidant capacity of ESEE was found to be 8 μg α-tocopherol equivalent/mg.
Bleomycin-dependent DNA damage
The pro-oxidant activity of ESEE and the standard, ascorbic acid are represented in Table 4 . ESEE and , thereby preventing the DNA degradation suggesting that ESEE is devoid of prooxidant activity.
Thiocyanate method
The total antioxidant activity of the ESEE was determined and compared with that of standard, α-tocopherol by thiocyanate method. ESEE exhibited effective antioxidant activity at all doses and increased concentration dependently and IC 50 value was found to be 0.176 mg/ml. The standard, α-tocopherol showed the IC 50 value of 0.933 mg/ ml (Table 1) .
Hydrogen peroxide scavenging assay ESEE was capable of scavenging H 2 O 2 in an amount dependent manner. The scavenging ability of the extract and standard, α-tocopherol are shown in Table 1 . H 2 O 2 scavenging activity of ESEE was closer to that of α-tocopherol at doses of 100, 200 and 400 μg/ml.
Ferrous chelating ability
The ability to chelate ferrous ions also increased with an increase in ESEE concentration, which indicates that ESEE chelates the iron ions. The metal chelating effect of ESEE was lower than the standard, ascorbic acid. The values shown in Table 1 demonstrate the action of ESEE, as peroxidation protector.
β-Carotene bleaching method
The antioxidant activity of ESEE and the standard drug α-tocopherol were evaluated by β-carotene bleaching method and the results are presented in Table 3 . ESEE and α-tocopherol were used in the concentration between 25 -400 mg/ml and an increase in concentration of the extract and standard decreased the absorbance and this was due to the inhibition of bleaching of the colour of β-carotene. The 50% inhibition value for ESEE was 0.098 mg/ ml and for α-tocopherol was 0.1 mg/ml. ESEE exhibited equivalent β-carotene bleaching activity when compared with α-tocopherol.
Total radical antioxidant potential (TRAP)
The peroxyl radical scavenging activity was determined for ESEE and the results were compared with Trolox (Table 1) . Addition of increasing concentration of ESEE to solution containing AAPH-derived peroxyl radical decreased the luminescence produced by DCF and the absorbance decreased in a linear fashion. ESEE and Trolox exhibited IC 50 values of 0.146 and 0.099 mg/ml respectively. -ascorbate system in rat liver homogenate. The MDA generated as a result of lipid peroxidation reacts with thiobarbituric acid and was found to be inhibited in the presence of the extract. The IC 50 value was found to be 0.263 mg/ml for ESEE while for standard ascorbic acid the IC 50 was found to be 0.081 mg/ml (Table 1) .
Erythrocyte haemolysis
The peroxyl radical generated by AAPH on addition to erythrocyte suspension and its subsequent scavenging action produced by graded concentrations of ESEE and standard, ascorbic acid are given in Table 1 . An increase in inhibition was noticed at all concentrations of the extract and ascorbic acid.
DISCUSSION
Antioxidants exert their mode of action by suppressing the formation of reactive oxygen species either by inhibition of enzymes or by chelating trace elements (Cioffi et al., 2002) . DPPH assay is a widely used method to evaluate the radical scavenging effect of natural antioxidants (Brand-Williams et al., 1995) . DPPH is a stable free radical, which produces a deep violet colour solution in ethanol at room temperature. Antioxidants reduce DPPH to diphenyl 2-picryl hydrazine, giving rise to yellow colored at 517 nm (Oyaizu, 1986; Illavarasan et al., 2005) . The reduction in the number of DPPH molecules can be correlated with the number of available hydroxyl groups. We can infer that, the very good activity of the extract may be probably due to the presence of substances with an available hydroxyl group.
NO has an unpaired electron and acts as a free radical which is implicated in inflammation, cancer and other pathological conditions (Toda et al., 1988; Moncada et al., 1991) . NO generated from sodium nitroprusside in aqueous solution at physiological pH, spontaneously interacts with oxygen to produce nitrite ions, which is estimated by the use of Griess reagent. Scavengers of NO compete with oxygen leading to the reduced production of NO (Marcocci et al., 1994) . Our finding suggests that the phenolic components present in the extract might be responsible for NO scavenging effect.
Hydroxyl radicals are highly reactive oxygen centered radicals causing lipid oxidation and enormous biological damage (Koppenol, 1993) . Hydroxyl radicals produced in free solution were detected by their ability to degrade 2-deoxy-2-ribose into fragments, which forms a pink chromogen (Fenton reaction) upon heating with TBA at low pH. When ESEE and reference compound quercetin were added to the reaction mixture, they removed hydroxyl radicals from the sugar and prevented their degradation.
Superoxide anions serve as precursors of singlet oxygen and hydroxyl radicals (Kumar et al., 2005) . The superoxide anions generated by hypoxanthine/ xanthine oxidase system reduce nitroblue tetrazolium to form a chromophore (diformazan) that absorbs at 560 nm (Kirby and Schmidt, 1997) . The exract decreased the mean rate of absorption by inhibiting NBT reduction by the superoxide anion radicals.
The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity. The reducing ability is generally associated with the presence of reductones, which breaks the free radical chain by donating a hydrogen atom (Oyaizu, 1986; Gordon, 1990) . The extract had reductive ability which increased with increasing concentrations of the extract.
The antioxidant activity of phenolic compounds is mainly due to their redox properties, which play an important role in neutralizing free radicals, quenching singlet and triplet oxygen (Javanmardi et al., 2003) . Flavonoids are wide spread in all natural compounds and possess a broad spectrum of biological activities (Agrawal, 1989) . The chemical composition of Erythrina stricta indicates the presence of phenolic compounds including tannins and flavonoids, which are known to possess antioxidant activities (Motalleb et al., 2005) . The high phenolic and flavonoid content in the ethanolic extract of Erythrina stricta may be responsible for its free radical scavenging activity.
The phosphomolybdenum method is quantitative since the antioxidant activity is expressed as -tocopherol equivalent (Prieto et al., 1999) . The extract reduced molybdenum VI to a green coloured phosphomolybdenum V complex, which proves its total antioxidant capacity.
Bleomycin binds iron ions and the bleomycinFe 3+ complex degrades DNA in the presence of O 2 and ascorbic acid, which reduces Fe 3+ to Fe
2+
at high concentrations (Aruoma, 2003 The thiocyanate method measures the amount of peroxides produced at the initial stage of lipid peroxidation which is depicted by a decrease in absorbance indicating increased level of antioxidant activity (Gutierrez et al., 2006) . The good antioxidant activity exhibited by our plant extract might be attributed to the presence of flavonoid like phytochemicals.
Hydrogen peroxide itself is not very reactive, but it can sometimes be toxic to cell because it can give rise to hydroxyl radicals. Thus, the removal of H 2 O 2 as well as O 2 · -is very important for antioxidant defense in cell or food systems (Gulcin et al., 2004) . Our extract scavenged H 2 O 2, which may be attributed to the presence of phenolics, which could donate electrons thereby neutralising it into water. Metal chelating ability is based on the chelating effect of Fe 2+ ions by ferrozine. The formation of complex is disrupted by other chelating agent, which results in the reduction of the formation of red colour in the complex (Dinnis et al., 1994) . In this method both the extract and standard compound (ascorbic acid) interfered with the formation of ferrous complex with the reagent ferrozine, suggesting that it has chelating effect and captures the ferrous ion before ferrozine. The absorbance of Fe
-ferrozine complex decreased linearly in a dose-dependent manner. It is reported that certain phenolic compounds have properly oriented functional groups, which can chelate metal ions (Thompson et al., 1976) . The ion chelating activity of the extract may be attributed due to the presence of endogenous chelating agents, mainly phenolics.
The decoloration of β-carotene is a commonly employed method to measure the antioxidant activity of plant extracts, because β-carotene is extremely sensitive to free radical mediated oxidation of linoleic acid. As β-carotene molecules lose their double bonds by oxidation, the compound loses its yellow colour (Elzaawely et al., 2005) . The ethanolic extract of Erythrina stricta inhibited β-carotene oxidation suggesting that the antioxidant activity could be related to the high levels of phenolic compounds.
TRAP assay is based upon the potential of antioxidants in extract to scavenge peroxyl radicals generated by thermal decomposition of a watersoluble azo initiator AAPH (Khanam et al., 2004) . Erythrina stricta ethanolic extract decreased the absorbance upon increasing concentrations of the sample, which is similar to that of the standard, Trolox.
Oxidative stress can lead to peroxidation of cellular lipids and can be measured by the determining the levels of thiobarbituric acid reactive substances (Yokozawa et al., 2000; Zin et al., 2002) . Quantification of MDA, one of the products of lipid peroxidation, with TBA at low pH and high temperature (100 ºC) resulted in the formation of a red complex, which is measured at 532 nm. Our extract ESEE inhibited the rate of lipid peroxidation by a reduction in the red colour complex formed reflecting its anti-lipid peroxidative potential.
The azo compound generates free radicals by its unimolecular thermal decomposition. The rate of generation of peroxyl radicals can be easily controlled and measured by adjusting the concentration of AAPH. Therefore, the hemolysis induced by AAPH clearly demonstrates the oxidative erythrocyte membrane damage by peroxyl radicals (Haraguchi et al., 2002) . The ethanolic extract of Erythrina stricta inhibited the erythrocyte haemolysis induced by AAPH in a concentration dependent manner.
Based on the various in vitro and ex vivo assays, it can be concluded that the ethanolic extract of Erythrina stricta possess strong antioxidant activity, evidenced by the free radical scavenging property, which may be due to the presence of phenolic components in the extract. Further isolation of bioactive constituents in the extract would certainly help to ascertain its potency which could be further exploited by in vivo study systems to increase the overall antioxidant activity by protecting against various ailments that are induced by oxidative stress.
